Igual Ramo, M.; García Martínez, EM.; Martín-Esparza, M.; Martínez Navarrete, N. (2012 Apricots can be considered as a good source of phenolic compounds, which are 9 beneficial for human health. Microwaves may be an alternative to the conventional sun 10 or hot air drying techniques used to obtain dried apricot. Nevertheless, their impact on 11 the functional compounds must be taken into account if they are to be recommended 12 as an attractive drying option. This work compared the drying kinetics and the change 13 in the organic acids, phenolic compounds and antioxidant activity of dried apricot when 14 using hot air drying and microwave energy. Empirical (linear and Page) equations can 15 be used to model the drying kinetics in air, combined air-microwave and microwave 16 processes. From the obtained results, it can be concluded that the industrial processing 17 of dried apricots may be improved by using microwave energy, as the drying time is 18 considerably reduced, and the obtained fruit had a higher phenolic content, particularly 19 of chlorogenic acid, catequin and epicatequin. Nevertheless, as the contribution of 20 these phenols to antioxidant capacity was not significant, microwave dried samples 21 maintained the same antioxidant capacity as the air-dried ones. When sulphite is 22 added previous to the drying processes, care should be taken with the total phenols 23 and the antioxidant capacity quantified as it may interfere with the results depending on 24 the methodology used. 25 26 27
Introduction
centrifuged at 2,630 x g for 15 min and filtered by 0.22 m membrane. HPLC method 145 and instrumentation was: Ultrabase-C18, 5 m (4.6x250 mm) column (Spain); mobile 146 phase 0.01mol/L potassium dihydrogen phosphate solution, volume injection 20 L, 147 flow rate 1mL/min, detection at 215 nm and at 25 ºC. Standard curves of each 148 reference acid (Panreac, Spain) were used to quantify. 149 150
Ascorbic acid and total vitamin C 151
Ascorbic acid (AA) and total vitamin C (ascorbic acid + dehydroascorbic acid) were 152 determined by HPLC (Jasco, Italy). To determine the ascorbic acid (Xu, Liu, Chen, Ye, 153
Ma & Shi, 2008), samples were homogenated and the mixture was centrifuged 154 (Selecta Medifriger-BL) at 2,630 x g for 10 min at 4 ºC. A 1 mL supernatant aliquot was 155 extracted with 9 mL 0.1% oxalic acid for 3 min. Then, the sample was immediately 156 filtered through a 0.45 m membrane filter before injection. The procedure employed toand Kunkel turrax) for 5 min with 40 mL of methanol, 10 mL of bidistilled water and NaF 171 to inactivate polyphenol oxidases and prevent phenolic degradation. The homogenate 172 was centrifuged (2,630 x g, 10 min, 4 ºC) to obtain the supernatant which was filtered 173 by 0,45 µm membrane filter. The HPLC (Jasco, Italy) method and instrumentation was: 174
Ultrabase-C18, 5 µm (4.6x250 mm) column (Spain); the mobile phase was made up of 175 of (A) methanol and (B) water and a linear gradient elution was performed starting at 176 30:70 to reach 100:0 at 70 min, volume injection 25 µL, flow rate 1mL/min. 177
Chromatograms were recorded at 286, 276 and 254 nm and at 25 ºC. Standard curves 178 of each reference phenolic acid (gallic, caffeic and chlorogenic acid) and flavonoids 179 (catechin, epicatechin and kaempferol) (Extrasyntesis, France) were used to quantify 180 the polyphenols. Naphthalene was used as internal standard (Peiró, 2007) . 181 182
Total phenols 183
Total phenols (TP) were analysed by using the method reported by Selvendran & 184 Ryden (1990) and Benzie & Strain (1999) based on the Folin-Ciocalteu method, which 185 involves the reduction of the reagent by phenolic compounds with the concomitant 186 formation of a blue complex. The extraction procedure was the same as described in 187 section 2.3.6 for individual phenolic compound. 15 mL of distilled water and 1.25 mL of 188
Folin CIocalteu reagent (Sigma-Aldrich, Germany) were added to 25 L of the extract. 189
The samples were mixed and allowed to stand for 8 min in darkness before 3.75 mL of 190 7.5 % sodium carbonate aqueous solution was added. Water was added to adjust the 191 final volume to 25 mL. Samples were allowed to stand for 2 h at room temperature 192 before absorbance was measured at 765 nm in a UV-visible spectrophotometer 193 (Thermo Electron Corporation, USA). The total phenolic content was expressed as mg conditions. The drying rate was calculated as Xw/t, considering the decrease in the 232 apricot`s moisture content (Xw) at each drying time related to the previous control (t). 233
From an examination of these curves, it is evident that kinetic behaviour was 234 dependent on the drying method. In HAD samples, the drying rate falls continuously as 235 the moisture rate decreases (Xw/Xwo in Fig.1 water to the product-air interface seems to take place at a similar rate to water diffusion 244 from the product's interior to its surface. It is known that the volumetric, internal and 245 fast heating caused by microwaves implies a water phase transition from a liquid to 246 gaseous state inside the product (Constant & Moyne, 1996) . This vapour partial 247 pressure gradient could act as an additional driving force to the water diffusion and, 248 consequently, similar rates to those of surface evaporation could be reached. In thecase of HAD-MW, drying rate curves had a first period where the drying velocity was 250 close to constant (similar behaviour to MW dried apricot halves but with higher drying 251 rates), followed by a second falling drying rate period (similar behaviour to HAD 252 treatments). Initial constant period starts from the initial moisture content and ends at 253 the moisture content of approximately 1.87 kg water per kg dry mass (in Fig. 1  254 corresponds to a reduced water content, Xw/Xwo of 0.28). This pattern reveals that, in 255 the first step, microwaves play a relevant role while hot air facilitates the removal of the 256 evaporated water from the fruit surface, leading to higher drying rates when compared 257 to those obtained using the MW treatment. The model constants obtained for each period (a, k and n) are listed in Table 1 as the  292 average values for all the experiments. Both the critical water content and critical drying 293 time for the HAD-MW sample and the drying times necessary to achieve the desired 294 final water content in the apricot halves are also shown in Table 1 . The obtained kinetic 295 parameters were related to the process variables by statistical analysis. During 296 convective drying, Page's drying constant k was not significantly affected (p>0.05) 297 when applying the highest air temperature. In fact, despite the shortest drying time was 298 obtained at 60ºC, the difference compared to drying at 40 ºC was not significant 299 (p>0.05). 300
The time required to obtain the desired final water content was greatly reduced when 301 applying microwave energy, either alone or combined with hot air. The existence of a 302 constant-rate period and the fact that the k values obtained for the falling-rate periodare higher when compared to those of convective drying, support these results. The 304 highest drying rate was obtained for HAD-MW treatments (constant-rate period). 305
The precision of the fit between the experimental data and the predicted values was 306 evaluated using the coefficient of determination (r 2
where Xw,exp,i and Xw,pre,i are the experimental and predicted water contents at each 312 control time, respectively, and n is the number of observations. The consistency of the 313 fit is illustrated in Fig. 2 , where it is possible to observe the close agreement between 314 the experimental and predicted data for every drying condition. Therefore, the 315 proposed equations can be considered adequate to predict the drying curves and 316 drying times for the hot air (40 and 60ºC), microwave (100 W) and combined air-317 microwave (40ºC-100 W) drying of apricot halves. This may be very useful for the 318 optimization of the drying conditions and the further design of industrial dryers. 319 320
Effect of drying treatment on the functional compounds of dried apricot 321
In order to compare the phytochemical composition of frozen and dehydrated apricot, 322 the results of the dried samples have been referred to the corresponding frozen sample 323 used in the drying process. Fig. 3 shows the organic acid content of frozen and dried 324 significantly increased (p<0.05) catechin to a greater degree than MW alone, while 378 epicatequin decreased to the same degree as when hot air drying was applied. Every 379 drying method caused the total loss of kampferol. When the sum of the individual 380 phenolic compounds was analyzed, there seems to be an effect of the temperature 381 reached by the sample; the higher the temperature, the greater the total phenolic 382 content. If the air temperature is higher and MW is applied, the samples are heated to athe easier it is to extract the phenols from the samples, as other authors have alsoConsidering that phenolic compounds are potent antioxidants in fruits, the total 387 phenolic content of frozen and dried apricot was further analysed ( Table 2) . TP of 388 frozen samples were within the range described by other authors for fresh apricots of 389 different Italian varieties (Leccese et al., 2008) . Nevertheless, a TP value lower than 390 that corresponding to the sum of the individual phenolic compounds analyzed in frozen 391 apricot was obtained. From this point of view, the Folin method seems to 392 underestimate the total phenolic content. TP values reported in literature for other fruits 393 of the same Prunus family were around 9 mg GAE/100g in peaches and nectarines 394 (Akin et al., 2008). In this sense, the apricot can be considered as a fruit with a high 395 total phenol content compared to other fruits of the same botanical family. 396
In general, all the dried samples showed a significant increase (p<0.05) in TP content 397 after the drying treatment, ranging from 60 to 81 mg GAE/100 g. MW sample presented 398 the highest content, which may be related with the increase in chlorogenic acid, 399 catequin and epicatequin increase. This increase may be due to the sulphite added for 400 
